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Figure 37 : Effet sur la biomasse du biofilm de V. tapetis CECT4600 à 24h et 48h de culture de la suppression de 
la source de fer dans le milieu Zobell. Les biofilms sont formés en chambre à flux à 18°C en milieu Zobell (0,1 g.l-1
de PF) ou Zobell sans PF (ØPF). Données obtenues par analyse d’images à l’aide du logiciel COMSTAT, à partir de 
prises de vues d’au moins trois sites distincts et d’au moins deux expériences indépendantes.  
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ABSTRACT  
Vibrio tapetis CECT4600 is a pathogenic Gram negative bacterium causing the Brown Ring 
Disease in the Manila clam Ruditapes philippinarum. This vibriosis is induced by bacterial 
attachment on the periostracal lamina, yielding a decalcification of the bivalve shell. As in many 
bacterial species, pathogenesis is likely related to biofilm formation. The proteinaceous exoproducts 
of the marine bacterium Pseudoalteromonas sp. 3J6 inhibit the formation of biofilm by most of the 
tested marine bacteria without affecting their planktonic growth. In the present work, we examined 
the sensitivity of V. tapetis to Pseudoalteromonas sp. 3J6 and its exoproducts. In V. tapetis
CECT4600-GFP - Pseudoalteromonas sp. 3J6 co-cultures, the latter outcompeted V. tapetis
whatever the growth mode (planktonic or biofilm), which could result from a slower growth of V. 
tapetis. Biofilms containing only V. tapetis were grown in vitro on a glass substratum under 
dynamic conditions. When the glass was coated with a culture supernatant of Pseudoalteromonas
sp. 3J6 (SN3J6) prior to inoculating V. tapetis CECT4600-GFP, the bacterial attachment was about 
5-fold lower than in control experiment without SN3J6 and the biofilm formation was delayed by 
about 24 h: a full biofilm was obtained at 48 h vs 24 h for the control. Moreover, a preformed V. 
tapetis biofilm (grown on SN3J6-free glass substratum) could be disrupted by incubating it with 
SN3J6. This data suggest that Pseudoalteromonas sp. 3J6 is a good candidate to set up an anti-V. 
tapetis strategy usable in aquaculture to grow V. tapetis-free Manila clam spats. 
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INTRODUCTION 
Gram negative bacteria belonging to the Vibrio tapetis species are the causative agents of an 
epizootic infection in the Manila clam Ruditapes philippinarum which was named Brown Ring 
Disease (BRD) [1, 2]. BRD is characterized by a brown deposit of conchiolin onto the inner edge of 
clam shell. The attachment of V. tapetis to the clam shell secretion is the initial event in the BRD 
process [3] and it is a required step in the V. tapetis infectious cycle [4, 5]. This bacterial attachment 
onto the shell secretion suggests that a biofilm is subsequently developed, which is supported by the 
notion that pathogenicity and bacterial biofilm formation are generally linked [6, 7]. The first study 
of V. tapetis biofilms showed the ability of this clam pathogen to form biofilms in vitro (S. 
Rodrigues, C. Paillard, A. Dufour, and A. Bazire, submitted). Biofilms can be described as 
communities of cells bound to a surface and to each other and embedded within a matrix of 
extracellular polymeric substances that they have produced [8]. Biofilms enhance bacterial growth 
and survival by providing access to nutrients and supply protection from predators and 
antimicrobial compounds. It is also considered that biofilm is the predominant bacterial lifestyle and 
is therefore a key factor for environmental survival and dissemination of bacteria for the host 
infection [6, 9]. The development of antibiofilm strategies is therefore of major interest and 
constitutes an important field of investigation in which environment-friendly molecules or 
organisms are highly valuable [10, 11]. Marine bacteria belonging to the genus Pseudoalteromonas
are known to be producers of compounds of biotechnological interest [12-15]. The 
Pseudoalteromonas sp. strain 3J6 was isolated in the Morbihan Gulf (Brittany, France) [16], and its 
exoproducts display an antibiofilm activity [17] attributed at least in part to a peptide named 
alterocin (M. Simon, A. Dufour, and A. Bazire, unpublished data). The Pseudoalteromonas sp. 3J6 
culture supernatants (SN3J6) were shown to inhibit biofilm development of 13 out of 18 (72%) 
tested marine bacteria, including three Vibrio sp. strains [15]. The five non-sensitive strains 
included three other Pseudoalteromonas sp. strains, so the large majority of the non-
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Pseudoalteromonas marine bacteria was sensitive to the antibiofilm activity, revealing its wide 
spectrum of action. Interestingly, SN3J6 is neither bactericidal nor bacteriostatic towards planktonic 
bacteria [17]. Its antibiofilm activity is therefore not due to a classical antibacterial action. SN3J6 
moderately affected the attachment of two strains on a glass substratum, but this about 2-fold 
reduction of attachment was too mild to fully explain the subsequent 7 to 20-fold lower biofilm 
biovolume [17]. Subsequent analyses on six other strains sensitive to the antibiofilm activity 
showed no significant effect of SN3J6 on bacterial attachment [18]. SN3J6 was thus proposed to act 
on the biofilm formation mainly at a post-attachment stage since the active compound was shown to 
adsorb onto the glass substratum [17]. However, its precise mode of action remains unknown.  
In this study, the antibiofilm activity of Pseudoalteromonas sp. 3J6 was tested for the first time 
against the causative agent of BRD, V. tapetis CECT4600. We first examined the biofilms resulting 
from a V. tapetis CECT4600 and Pseudoalteromonas sp. 3J6 co-inoculation. Two different 
strategies were then used to examine the effects of SN3J6 on bacterial attachment and biofilm 
formation: (i) the glass substratum was coated with SN3J6 before inoculating bacteria and growing 
biofilms or (ii) a preformed biofilm was treated with the SN3J6.  
MATERIALS AND METHODS 
Bacterial strains and culture conditions 
V. tapetis CECT4600 was isolated from the venerid clam R. philippinarum suffering from BRD [1] 
and is the V. tapetis type strain [2]. The CECT4600 strain was tagged with the Green Fluorescent 
Protein (GFP)-encoding pVSV102 plasmid (KmR, gfp) [19]. Pseudoalteromonas sp. 3J6 was 
isolated in the Morbihan Gulf, France [16]. V. tapetis and Pseudoalteromonas strains were routinely 
grown aerobically in Vaatanen nine-salt solution (VNSS) (g.l-1: soy peptone, 1; yeast extract, 0.5; 
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glucose, 0.5; soluble starch, 0.5; FeSO4⋅7H2O, 0.01; Na2HPO4, 0.01; NaCl, 17.6; Na2SO4, 1.47; 
NaHCO3, 0.08; KCl, 0.25; KBr, 0.04; MgCl2⋅6H2O, 1.87; CaCl2⋅2H2O, 0.41; SrCl2⋅6H2O, 0.01; 
H3BO3, 0.01) [20] at their optimal growth temperature, 18°C and 20°C, respectively. Co-cultures 
and mixed biofilms were performed in VNSS since this medium is appropriate for the production of 
antibiofilm molecules by Pseudoalteromonas sp. 3J6 [17] at the temperature ensuring an optimal V. 
tapetis growth, 18°C. Single-species biofilms containing only V. tapetis were grown in Zobell 
medium (g.l−1: tryptone, 4; yeast extract, 1; sea salts, 30; ferric phosphate, 0.1) [21] at 18°C. 
Kanamycin (Km) was used at 100 µg.ml−1 during liquid precultures of V. tapetis strain carrying the 
GFP-encoding plasmid pVSV102, but not during biofilm culture. We previously verified that V. 
tapetis CECT4600-GFP biofilms displayed the same biovolumes when grown in the presence of 
absence of Km, indicating that no significant plasmid loss occurred during biofilm growth without 
Km (unpublished data). 
For liquid co-cultures of V. tapetis CECT4600-GFP and Pseudoalteromonas sp. 3J6, the two strains 
were grown separately in VNSS (with Km for V. tapetis CECT4600-GFP, to maintain the GFP-
encoding plasmid), washed twice in Artificial Sea Water (ASW: 30 g.l−1 sea salts [Sigma Aldrich, 
Saint-Louis, MO]), and co-inoculated in fresh VNSS without antibiotic at a final OD600 of 0.1 for 
each strain (about 2.4.107 CFU.ml-1 for each strain). After 24 h of growth at 18°C, the bacteria were 
diluted and plated on VNSS agar plates without antibiotic to determine the total Colony Forming 
Units (CFU) number and on Km-containing plates to determine the V. tapetis CECT4600-GFP CFU 
number, the Km resistance being encoded by the GFP-encoding plasmid pVSV102. Three 
independent experiments were performed. A control experiment showed that pVSV102 was 
maintained in 100% of V. tapetis CECT4600 bacteria grown in liquid VNSS during 24 h at 18°C, 
showing that this plasmid was stable enough to perform the liquid co-culture assay.  
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Doubling times were determined from growth kinetics performed for each strain grown at 18°C in 
VNSS in a 96-well microplate. OD600 measurements were made every 15 min for 48 h using a plate 
reader (Bioscreen C, Oy Growth Curves Ab Ltd, Finland).  
Preparation of Pseudoalteromonas sp. 3J6 culture supernatant (SN3J6) 
SN3J6 was prepared as described by Dheilly et al. [17]. Briefly, Pseudoalteromonas sp. 3J6 was 
grown overnight in VNSS with shaking at 20°C. The culture supernatant was collected after 
centrifugation (10 min at 8000g), sterilized by filtration (pore of 0.22 µm), and stored at −20°C until 
use.  
Biofilm culture 
Biofilms were grown at 18°C under dynamic conditions in a three channel flow cell (1x40x44 mm; 
Biocentrum, DTU, Denmark) [22]. The flow system was assembled, prepared and sterilized as 
described by Tolker-Nielsen and Sternberg [23]. The substratum consisted of a microscope glass 
coverslip (24x50 st1 [KnittelGlasser, Braunschweig, Germany]). Each channel was inoculated with 
250 µl of bacterial overnight cultures diluted to an OD600 of 0.1 in ASW. In the case of two-species 
biofilms, V. tapetis CECT-GFP and Pseudoalteromonas sp. 3J6 were grown separately in VNSS, 
washed twice in ASW, resuspended in ASW, and mixed so that the OD600 of each strain was 0.1 
(about 2.4.107 CFU.ml-1 for each strain). The flow cell channels were inoculated with this mixture. 
In both cases (single or two-species biofilms), bacteria were allowed to attach to the glass surface 
during 2 h at 18°C without any flow of ASW or medium. A constant flow (2.5 ml.h-1) of VNSS was 
then applied either for 15 min in order to remove planktonic cells and observe the attached bacteria 
or for 24 h at 18°C to grow biofilms. 
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To examine the effects of SN3J6 on attachment onto the glass coverslip and the subsequent biofilm 
formation, two different strategies were tested: (i) 250 µl of SN3J6 were injected without any 
bacterium into flow cell channels, were left for 2 h at 18°C to coat the glass surface, and the 
channels were rinsed with a medium flow for 15 min before inoculating V. tapetis CECT4600-GFP; 
(ii) a 48 h biofilm was treated for 2 h with 250 µl of SN3J6 without any flow, the biofilm was then 
rinsed with a flow of medium for 15 min.  
The attached bacteria or biofilms were observed by confocal laser scanning microscopy (CLSM) as 
described below.  
Confocal Laser Scanning Microscopy (CLSM)  
Attached bacteria and biofilm observations were performed with a TCS-SP2 microscope (Leica 
Microsystems, Heidelberg, Germany), using a 63x oil immersion objective. Bacteria were detected 
by monitoring the GFP fluorescence of V. tapetis CECT4600-GFP, or stained with 5 µM of SYTO 
61 red (Invitrogen, Carlsbad, Ca) for Pseudoalteromonas sp. 3J6. The staining was performed after 
biofilm growth by injecting 250 µl of fluorescent dye prepared in ASW into a flow cell channel, 
incubating at room temperature for 15 min in the dark and washing for 15 min with a flow (2.5 
ml.h−1) of medium, and CLSM observations were then immediately performed. GFP was excited at 
488 nm and fluorescence emission was detected between 500 and 550 nm. SYTO 61 red was 
excited with the 633 nm argon laser line and fluorescence emission was detected at 645 nm. 
Fluorescence signal of double-labelled specimens were acquired simultaneously. The glass surfaces 
covered by attached bacteria were evaluated by using the ImageJ software (National Institutes of 
Health, MD). For three-dimensional (3D) visualization, images were taken every micrometer 
throughout the whole biofilm depth. Processing of 3D image data (volume rendering with shadow 
projection), the Leica LAS AF software (Leica Microsystems, Heidelberg, Germany) was used. 
Quantitative analyses of image stacks were performed using the COMSTAT software 
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(http://www.imageanalysis.dk/) [24]. At least three image stacks from each of two independent 
experiments (at least six stacks in total) were used for each analysis. 
Test of bactericidal activity  
An overnight culture of V. tapetis CECT4600-GFP grown in VNSS was centrifuged at 4000g for 10 
min and the pelleted bacteria were resuspended in SN3J6 (using the same volume as the culture 
volume) or fresh VNSS (same volume as the culture volume) for the control. Cells were incubated 
for 4 h at 4°C to avoid bacterial growth, centrifuged (10 min at 4000g) and resuspended into ASW. 
Dilutions were then plated onto VNSS agar with Km and the CFU number was determined after 48 
h of growth. Two independent experiments were performed and bacteria were plated in triplicate.  
RESULTS 
Pseudoalteromonas sp. 3J6 outcompetes V. tapetis CECT4600-GFP in two-species biofilms and 
liquid co-cultures 
We first attempted to grow mixed biofilms after co-inoculating V. tapetis CECT4600-GFP and 
Pseudoalteromonas sp. 3J6 in a 1:1 (CFU.ml-1:CFU.ml-1) ratio. The use of the GFP-labeled V. 
tapetis CECT4600 strain allowed us to distinguish between the two strains in the resulting biofilms: 
V. tapetis CECT4600-GFP was specifically detected by the green fluorescence of GFP, whereas 
total bacteria from both Pseudoalteromonas sp. 3J6 and V. tapetis CECT4600-GFP strains were 
visualized after staining biofilms with SYTO 61 red (red fluorescence). After 24 h of biofilm 
growth, Pseudoalteromonas sp. 3J6 seemed largely predominant on the CLSM images (Fig. 1A). 
This is particularly obvious on the overlay of red and green fluorescences, on which V. tapetis
CECT4600-GFP bacteria are green or yellow (overlay of green and red) and Pseudoalteromonas sp. 
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3J6 bacteria are red (Fig. 1A, bottom). This visual observation was confirmed by determining the 
biovolume of each strain within the two-species biofilms by images analyses with the COMSTAT 
software [24]: V. tapetis CECT4600-GFP biovolume was 0.3 ± 0.2 µm3.µm−2, which represented 
only 4.9% of the total biovolume (6.1 ± 2.3 µm3.µm−2) of two-species biofilms (Fig. 1C).  
Figure 58 : Fig. 1 Pseudoalteromonas sp. 3J6 outcompetes V. tapetis CECT4600-GFP in two-species biofilms and 
liquid co-cultures. [A] Side (left) and top (right) views of the same two-species biofilm observed by CLSM. CECT-
GFP (top): only the green fluorescence is shown (V. tapetis CECT4600-GFP); Total bacteria (middle): only the red 
fluorescence is shown (both strains stained by SYTO 61 red); Overlay (bottom): overlay of the green and red 
fluorescences. Side view scale bars: 47.44 µm. [B] Side and top views of a single-species V. tapetis CECT4600-GFP 
biofilm observed by CLSM; Side view scale bar: 47.44 µm. [C] Proportion of each strain in two-species biofilms and 
liquid co-cultures. The values are representative averages of two and three independent experiments for biofilms and 
liquid cultures, respectively, and were determined by image analyses using the COMSTAT software for biofilms and 
CFU counting for liquid co-cultures.  
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By contrast, when V. tapetis CECT4600-GFP was inoculated alone in the flow cell, it was able to 
form a biofilm covering the entire glass surface (biovolume: 21.6 ± 0.2 µm3.µm−2) within 24 h in 
the same culture conditions (Fig. 1B). To examine if the predominance of Pseudoalteromonas sp. 
3J6 over V. tapetis CECT4600-GFP occurred specifically in biofilms, we performed liquid co-
cultures starting from the same 1:1 (CFU.ml-1:CFU.ml-1) inoculation ratio as for biofilm cultures. 
After 24 h of growth, the total CFU number and the V. tapetis CECT4600-GFP CFU number were 
determined as described in the “materials and methods” section. V. tapetis CECT4600-GFP 
represented 9.5% of the total bacterial count (Fig. 1C), showing that Pseudoalteromonas sp. 3J6 
also outcompeted V. tapetis CECT4600-GFP during growth in liquid co-culture. This contrasts with 
previous results which showed that Pseudoalteromonas sp. 3J6 exerted its inhibitory effect against 
another marine bacterium strain, Vibrio sp. D01, only during biofilm development but not in liquid 
co-cultures [17]. This new result could be explained simply by a longer doubling time of V. tapetis
CECT4600-GFP compared to Pseudoalteromonas sp. 3J6 in liquid VNSS at 18°C: 156 vs 67 min. 
Glass-coating by SN3J6 reduces bacterial attachment and delays subsequent biofilm formation 
In order to examine if V. tapetis CECT4600-GFP is sensitive to the antibiofilm activity of 
Pseudoalteromonas sp. 3J6 exoproducts, we then examined if the culture supernatant (SN3J6) of the 
latter strain is able to impair the V. tapetis biofilm development. The antibiofilm activity was tested 
by coating the glass substratum with SN3J6 for 2 h in the flow cell chambers. This strategy was 
previously used with success against other marine bacteria [17]. V. tapetis CECT4600-GFP was 
then incubated in the flow cell for 2h without flow (attachment step) and the glass surfaces covered 
by bacteria were determined. The coating by SN3J6 impaired the bacterial attachment of V. tapetis
CECT4600-GFP (Fig. 2, left panels), reducing the surface covered by bacteria by more than 5-fold 
compared to the SN3J6-free control (16.8 ± 2.6 % of attachment on coated glass if considering that 
the control corresponds to 100 % of attachment).  
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Figure 59 : Fig. 2 Coating the glass substratum with SN3J6 impairs V. tapetis CECT4600-GFP attachment and 
biofilm formation. CLSM observations were performed after the 2 h attachment step (top views) and 24 h of biofilm 
growth (top and side views). Scale bars: 47.02 µm. 
After 24 h of biofilm growth on a coated surface, V. tapetis CECT4600-GFP yielded macrocolonies 
but failed to form a full biofilm, on the opposite to the control without SN3J6 (Fig. 2, right panels). 
This led to biofilm biovolume and average thickness about 15 and 30-fold lower, respectively, than 
those of control biofilms (without coating by SN3J6) (Fig. 3A). Upon a longer growth time (48 h)�on 
a coated surface, V. tapetis CECT4600-GFP was able to form a biofilm similar to the biofilm 
obtained at 24 h on a SN3J6-free surface (data not shown). These data therefore reveal that SN3J6
delays by about 24 h in vitro biofilm formation by V. tapetis CECT4600-GFP, and that this can be 
explained at least in part by an inhibition of the bacterial attachment onto the glass substratum. As 
expected from our previous works [15, 17], incubating planktonic V. tapetis CECT4600-GFP cells 
in SN3J6 for 4 h at 4°C did not reduce the number of cultivable bacteria (7.25 10
5 UFC.ml−1 in the 
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presence of SN3J6 vs 7.13 10
5 UFC.ml−1 in the control), showing than SN3J6 is devoid of bactericidal 
activity towards planktonic V. tapetis. 
Preformed biofilm is affected by SN3J6 treatment 
The effect of SN3J6 on preformed biofilms has previously not been investigated against other marine 
bacteria. After cultivating 48 h biofilms of V. tapetis CECT4600-GFP, SN3J6 was introduced into 
the flow cell channels and incubated with the biofilms during 2 h. This treatment, followed by a 
flow of medium applied for 15 min in order to remove detached bacteria, reduced the biovolume by 
9-fold and the average thickness by 8-fold, compared to the control (sterile ASW injected instead of 
SN3J6) (Fig. 3B). SN3J6 is therefore able to alter the stability of a preformed V. tapetis CECT4600-
GFP biofilm. 
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DISCUSSION 
Previous works reported the antibiofilm activity exerted by the marine bacterium 
Pseudoalteromonas sp. 3J6 on a wide range of Gram-negative bacteria [15, 17]. This study was 
aimed at examining if this antibiofilm activity also impairs the biofilm formation by the clam 
pathogen V. tapetis CECT4600. As expected, the Pseudoalteromonas sp. 3J6 exoproducts (SN3J6) 
impaired biofilm formation by V. tapetis while being devoid of bactericidal activity towards 
planktonic cells. Surprisingly, SN3J6 reduced by about 5-fold the V. tapetis attachment onto the 
glass substratum, which could explain at least in part the impairment of biofilm development during 
the first 24h of growth. After 48h, a full biofilm was observed on SN3J6-coated surfaces, suggesting 
that either the antibiofilm molecules had been removed from the surfaces by the flow of medium 
and/or that their effects were only transient. Our previous results on eight marine bacteria, which 
were all sensitive to the SN3J6 antibiofilm activity, showed either no significant effect of SN3J6 on 
bacterial attachment [18] or only a mild effect (2-fold reduction) [17]. The present data indicate that 
SN3J6 could exert its antibiofilm activity at different stages of biofilm formation depending on the 
target bacterium. The antibiofilm activity was attributed to a peptide named alterocin (M. Simon, A. 
Dufour, and A. Bazire, unpublished data), but it remains possible that SN3J6 contains several 
different antibiofilm molecules with complementary activities. Future experiments will aim at 
examining if purified alterocin is by itself responsible for impairing attachment of V. tapetis 
CECT4600, as well as biofilm formation by a strain which is not affected at the attachment level.  
Pseudoalteromonas sp. 3J6 outcompeted V. tapetis CECT4600 in co-cultures, both in liquid 
medium and during biofilm formation. This can be explained by the faster growth of 
Pseudoalteromonas sp. 3J6 (2.3-fold shorter doubling time) than of V. tapetis CECT4600-GFP. In 
the case of biofilm co-cultures, the Pseudoalteromonas sp. 3J6 exoproducts were not abundant 
during the attachment step� since bacteria were washed before being inoculated in the flow cell 
chamber and since bacterial growth is not expected to occur due to the lack of nutriments in ASW.�
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Consistently, we did not observe any effect of Pseudoalteromonas sp. 3J6 presence against V. 
tapetis attachment in biofilm co-cultures (data not shown). However, during the biofilm growth step 
under a flow of culture medium, the production of antibiofilm exoproducts by Pseudoalteromonas
sp. 3J6 might contribute to low abundance of V. tapetis CECT4600-GFP in the final biofilms. 
Finally, the treatment of a preformed biofilm with SN3J6 was examined here for the first time and 
was shown to reduce considerably the bacterial biomass within the biofilm.  
This study indicates that Pseudoalteromonas sp. 3J6 could be useful to develop anti-V. tapetis 
strategies usable in aquaculture. Manilla clam population maintenance indeed requires the seeding 
of natural environment by spats obtained by aquaculture. It is essential that these spats are not 
infected by V. tapetis, both to generate an efficient restocking and to avoid disseminating V. tapetis
in the environment. Future works will aim at verifying the non-toxicity of Pseudoalteromonas sp. 
3J6 against the Manila clam R. philippinarum and at examining if Pseudoalteromonas sp. 3J6 
and/or its exoproducts can prevent clam from colonization by V. tapetis and impair BRD 
development.       
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Biofilms of the Vibrio tapetis pathogen strain 
CECT4600
Sophie RODRIGUES1,2, Alexis BAZIRE 1, Christine PAILLARD2 and Alain DUFOUR1*
Vibrio tapetis CECT4600 is a pathogenic bacterium that causes the Brown Ring Disease (BRD) in the Manila clam Ruditapes philippinarum (Paillard et al. 2004. Aquat. Living Resour. 17, 467-
475). This vibriosis is induced by bacterial adhesion on the periostracal lamina, yielding a decalcification of the bivalve shell. As in many bacterial species, pathogenesis is likely related to a
particular microbial behavior: biofilm formation.
� In this study, V. tapetis biofilms were characterized for the first time. We examined the impact on biofilm development of conditions which are relevant for coastal environments
and/or are known to alter the V. tapetis pathogenicity. We also tested the anti-biofilm activity from supernatant cultures of the marine bacterium Pseudoalteromonas sp. 3J6.
MATERIALS & METHODS
RESULTS
Biofilms were grown at 18�C on glass slides in flow cell chambers as follows: V. tapetis
CECT4600 containing the pVSV102 plasmid (Travers et al. 2008. FEMS Microbiol. Lett. 76,
3452-3461), which encodes the Green Fluorescent Protein (GFP), was allowed to attach for 2 h
to the glass surface, and a flow of culture medium (Zobell) was applied for up to 48 h to obtain
biofilm growth. Attached bacteria and biofilms were observed using confocal laser scanning
microscopy to monitor the GFP fluorescence.
CECT4600-GFP
3% Sea Salts
Biomass : 4 µm3.µm-2
Thickness : 20-25 µm
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� Increasing salinity negatively affects biofilm development 
CECT4600-GFP
5% Sea Salts
Biomass :  0.54 µm3.µm-2
Thickness : 0.5-1 µm
� Anti-biofilm activity of culture supernatant of Pseudoalteromonas sp. 3J6 (SN3J6)
24h 24h
48h 48h
� Inhibition of bacterial adhesion � Inhibition of biofilm formation (24h)
CONCLUSION
CECT4600-GFP
3% Sea Salts
Biomass: 4.5 µm3.µm-2
Thickness: 25-30 µm
CECT4600-GFP
5% Sea Salts
Biomass: 8 µm3.µm-2
Thickness: 9-11 µm
 
This study yields the bases for future works aiming at deciphering the involvement of biofilm formation in the infection process of the Manila clam leading to
BRD and at developing anti-Vibrio strategies.
Glass with SN3J6Glass without SN3J6
2,19 % � 0,79 0,46 % � 0,23 
The surface covered by bacteria is about 5 fold lower after surface-conditioning by SN3J6. After 24h of growth, there is an inhibition of biofilm
formation and the biomass is about 8 fold lower compared to the control (standard conditions).
CECT4600-GFP
Biomass:  0.4 µm3.µm-2
Thickness: 0.2-0.6 µm
 
Our observations highlighted the negative effect of increased salinity on biofilm formation.
Standard conditions Increased salinity 
CECT4600-GFP
Biomass: 4 µm3.µm-2
Thickness: 20-25 µm
Standard conditions
Anti-biofilm activity (SN3J6)
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� V. tapetis forms a mature biofilm in 48 h on glass 
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Anti-biofilm activity of a culture supernatant from the 
marine bacterium strain Pseudoalteromonas sp. 3J6
Marjolaine Simon1*, Sophie Rodrigues1,2*, Erwan Pernet1, Christine Paillard2, Alexis Bazire1
and Alain Dufour1 (alain.dufour@univ-ubs.fr)
1 Laboratoire de Biotechnologie et Chimie Marines, EA3884, Université de Bretagne-Sud (UEB), Institut Universitaire Européen de 
la Mer, Lorient, France 
2 Laboratoire des Sciences de l’Environnement Marin, UMR 6539, Institut Universitaire Européen de la Mer, Université de Bretagne 
Occidentale, CNRS, Plouzané, France
Introduction
When bacteria form biofilms, they become more resistant to antibiotics and host defenses, explaining the difficulty to treat chronic infections and the necessity of
finding new alternatives treatments. The present study aims at inhibiting the biofilm development of two pathogenic bacteria: Vibrio tapetis and Pseudomonas
aeruginosa. V. tapetis CECT4600 is a pathogenic bacterium causing the Brown Ring Disease (BRD) in the Manila clam Ruditapes philippinarum (Dheilly et al.
2010. Appl. Environ. Microbiol. 76, 3452-3461), whereas P. aeruginosa is a human pathogen inducing chronic lung infections in Cystic Fibrosis (CF) and
immunocompromized patients. The marine bacterium Pseudoalteromonas sp. 3J6 secretes proteinaceous molecule(s) which is able to inhibit biofilm formation of
marine bacteria without affecting planktonic bacteria (Paillard et al. 2004. Aquat. Living Resour. 17, 467-475). The same report was concluded for P. aeruginosa
PAO1.
Methods
The activity of the Pseudoalteromonas sp. 3J6 culture supernatant (SN3J6) was tested against V. tapetis CECT4600 and two clinical P. aeruginosa strains, MUC-
N1 and MUC-N2, isolated from CF patients. Biofilm formation on glass of V. tapetis and both P. aeruginosa strains were observed under dynamic conditions using
Confocal Laser Scanning Microscopy (CLSM). Biofilms were observed after 24 h of growth. Biofilms of P. aeruginosa were stained with syto 9 green (green
fluorescence). The strain V. tapetis CECT4600 already contains the gene encoding the Green Fluorescent Protein (GFP). Two different strategies were tested.
The first consisted in the surface conditioning by SN3J6 2 h before inoculating the bacteria. The second was the inoculation of bacteria directly with the SN3J6
during the 2 h adhesion step. The 3-dimensional views and the inhibition effect of SN3J6 (on biomasses and average thicknesses) were estimated using
COMSTAT software. Biofilms were grown in Zobell for V. tapetis and in LB for P. aeruginosa.
*M.S. And S.R. contributed equally to this work
Results
Discussion and Conclusion 
� SN3J6 effect on V. tapetis biofilm development after 24 h under dynamic
conditions
� SN3J6 effect on P. aeruginosa MUC-N1 and MUC-N2 biofilms
development after 24 h under dynamic conditions
Fig.2: 3-dimensional views and side-views of 24 h biofilms of both
P. aeruginosa strains observed by CLSM using Syto 9 green dye.
The biofilm formation by all three strains was impaired to various levels, showing that SN3J6 spectrum of action includes V. tapetis and clinical P. aeruginosa
strains. To continue this study further experiments will be performed on the effects of SN3J6 on the bacterial viability, preformed biofilm and extracellular matrix.
We will examine if SN3J6 can ease the antibiotic activity, which would be a major interest in the area of therapeutics. Cytotoxicity tests will be executed to ensure
the potential therapeutic uses of the proteinaceous molecule(s). The purification and identification of the molecule(s) are in progress. The final aim of this work is
the development of antibiofilm strategies.
The 3-dimensional views indicate that both P. aeruginosa clinical strains are
sensitive to SN3J6 because the biomass and average thickness of MUC-N1
are distinctly reduced (respectively decreasing by a factor of 8 and 3). The
SN3J6 effect is more significant on the biomass of MUC-N2 with a diminution
by a factor of 20. The average thickness is diminished by a factor of 2.
+ SN3J6  
Surface conditioning
+ SN3J6  
Adhesion step
Fig.1: 3-dimensional views of 24 h biofilms of V. tapetis CECT4600 observed by
CLSM using GFP fluorescence.
After 24h of growth, when the surface is conditioned by SN3J6 the biomass is
reduced by 10-fold and the thickness is about 25-fold lower compared to the
control (- SN3J6)
The second strategy (inoculation of bacteria with SN3J6) is under preparation.
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Biofilm of Vibrio tapetis pathogen strain displays 
unusual structures
Sophie RODRIGUES1,2*, Alexis BAZIRE1, Christine PAILLARD2 and Alain DUFOUR1
MATERIALS & METHODS
Biofilms were grown at 18�C on glass slides in flow cell chambers as follows: V. tapetis
CECT4600 containing or not the GFP-encoding plasmid pVSV102 (Travers et al. 2008. FEMS
Microbiol. Lett. 76, 3452-3461) was allowed to attach for 2 h to the glass surface, and a flow of
culture medium (Zobell) was applied for up to 48 h to obtain biofilm growth. Attached bacteria
and biofilms were observed using Confocal Laser Scanning Microscopy (CLSM) to monitor
the fluorescence of GFP or DNA-binding dyes (Syto 9 green or propidium iodide) and by
Scanning Electronic Microscopy (SEM) to observe the surface aspect of the spherical
structures.
INTRODUCTION
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CONCLUSION
To our knowledge, these structures have never been previously observed in a Vibrio biofilm or in biofilms from other bacterial genera. Observations
by Transmission Electronic Microscope (TEM) will be performed to study the inner organization of these structures.
Vibrio tapetis is the causative agent of the Brown Ring Disease (BRD) in manila clam Ruditapes philippinarum (Paillard et al. 2004. Aquat.
Living Resour. 17, 467-475). This vibriosis is induced by the bacterial adhesion on the shell secretion and exhibits a brown deposit on the
inner shell of the valves, leading to decalcification, lesions and death. As in many bacterial species, pathogenesis is likely related to biofilm
formation.
While characterizing for the first time the biofilm of V. tapetis pathogen strain CECT4600, we observed spherical structures of unknown
composition, which we describe here.
� … and with a surface of irregular aspect.
These observations support the hypothesis that the structures are excrescences from the bacteria cells to which they seem to remain attached. Staining by
a DNA-binding dye unable to diffuse through intact membranes (propidium iodide) indicates that the structures are more permeable than viable cells.
Interestingly, such structures were neither observed on planktonic V. tapetis CECT4600 bacteria nor in biofilms of the non-pathogenic strain V. tapetis LP2
(not shown), suggesting that they are biofilm specific and that they might be related to bacterial virulence.
Fig. 2: V. tapetis CECT4600 biofilm stained by DNA-binding dyes Syto
9 green (diffuses through membranes) [A] or propidium iodide (does
not diffuse through intact membranes) [B]. Arrows indicate the
structures
A
B
Fig. 3: V. tapetis CECT4600 biofilm observed by SEM. Arrows indicate the
structures.
RESULTS
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Fig. 1: V. tapetis CECT4600(pVSV102) biofilm observed by CLSM using GFP fluorescence. [A]: 3-dimensional view; [B]: top view; [C]: zoom of a section
view. Arrows indicate the structures.
A CB
67.28 µm
47.61 µm 8.86 µm
Biofilms of the V. tapetis pathogen strain CECT4600 shows spherical
structures at their surface. These structures, with an average diameter of
~1-2 µm, showed a different surface aspect than bacteria, and seem to be
physically linked to the cells. Moreover, the structures displayed a GFP
fluorescence (Fig.1) and could be stained with DNA-binding dyes (Fig.2),
indicating that they contain proteins and DNA.
� … including DNA, permeable to dyes…  
� Upper layers of V. tapetis biofilm display GFP-containing spherical structures…  
�
�
����������������������������������������������������
��������������������������������������������������������������������������
�������������� ��������
�
������������������������������������������������������������������������������
�
�������������������������������������� ��� ������������������������������������������������������������������
���������������������������������������������� ������������������������������������������������������ ����
�����������������������������������������������������������
�
������� �������� ��������� ��� �� ����������� ���������� �������� ���� ������ ����� �������� ���
������� ��������������������������������������������� ��� ��������������������� ������������ ����
������������� �������� ��������� �� ���������������� ��� �������� ������� ��� �������� ���������� ���������
������������� ��� ������� �������� ��� ������ � ����������� ��� ����� ������� ��� �������� ������ � ����
������������������������������������������������������������������������������������������������
�������������������������������������������������� ������������������ ������������ ������ ����
��������� ������ ��������� ������ ��������� ������������ ����� ������� ������� ������������
������ ������� �������������������������������������������������� ��������� ���������������
��� ������������������� �������� ��� ��������� ������ ������������� ��� ���� ��� ���� �������� ���
������������������� ������ �� ������ ��� ��� ��� ��������� �������������������� ���� �������������
��������� ����������� ������� ������ �������������� ����������� �������� ��� ��� ���������
������������������������������������������������������������������������������������� ����������
��������������������������������������������������������������������������������������������
������������������ ��������������������������� ��������������������������������������������������
���� ������������� ������������������� ������ �� ������������� �������� ����������� ���������� ����
�����������������������������������������������������������������������������������������
���� ����������� ����� ����� ��� ���������� ���� ���� ����������� �������� ���� ���� �������� ��� ���
����������� ������ ���������� ����� ���������� ����� ������ ������� ���� ������ ���� ������������ ����
������ �������������������������������� �������������������
�
�������������������������������� �������������������������� ����������������������������� �����������
���������������������� �����������
Characterization of biofilm formed by Vibrio tapetis 
CECT4600, the causative agent of Brown Ring Disease
Sophie RODRIGUES1,2*, Alain DUFOUR1, Christine PAILLARD2 and Alexis BAZIRE1
MATERIALS & METHODS
Biofilms were grown at 18�C on glass slides in flow cell chambers as follows: V. tapetis
CECT4600 was allowed to attach for 2 h to the glass surface, and a flow of culture medium
(Zobell) was applied for up to 48 h to obtain biofilm growth. Attached bacteria and biofilms were
observed using Confocal Laser Scanning Microscopy (CLSM) to monitor the fluorescence of
GFP protein and/or DNA-binding dyes (Syto 9 green 5µM, propidium iodide 1.5 µM)
Compounds of extracellular matrix were stained with specific dyes (CalcoFluor White 100 µM,
DDAO 5 µM). V. tapetis biofilm was also observed by Scanning Electronic Microscopy
(SEM).
INTRODUCTION
1 Laboratoire de Biotechnologie et Chimie Marines (LBCM), EA 3884, Université de Bretagne Sud, UEB, Institut Universitaire Européen de la Mer (IUEM), Lorient, France
2 Laboratoire des Sciences de l’Environnement Marin (LEMAR), UMR 6539, Institut Universitaire Européen de la Mer (IUEM), CNRS, Plouzané, France
* sophie.rodrigues@univ-ubs.fr
CONCLUSION
Vibrio tapetis is the causative agent of the Brown Ring Disease (BRD) in manila clam Ruditapes philippinarum (Paillard et al. 2004. Aquat. Living
Resour. 17, 467-475). This vibriosis is induced by the bacterial adhesion on the shell secretion, leading to decalcification and a brown deposit on
the inner shell, lesions and death after infection of the mollusc tissues. As in many bacterial species, pathogenesis is likely related to biofilm
formation. Therefore, the present study was aimed at characterizing for the first time the biofilm formed by V. tapetis. The objectives of this work
were (i) to characterize the biofilm formation and structure under dynamic conditions and (ii) to estimate the composition of the extracellular
matrix. Furthermore, we observed spherical structures of unknown composition which we also describe here.
Fig. 3: V. tapetis CECT4600 biofilm and its structures observed by SEM
([A],[B]) and by CLSM ([C],[D],[E]). For CLSM the biofilm was stained with
DNA-binding dyes: Syto 9 green (diffuses through membranes) [C] and
propidium iodide (does not diffuse through intact membranes) [D]. [E]: GFP
fluorescence. Arrows indicate the structures.
RESULTS
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Fig. 1: 3-dimensional views of V. tapetis CECT4600 biofilm observed by CLSM (Syto 9 green staining). Table 1: Image analysis of V. tapetis CECT4600 biofilm by
COMSTAT
(Weiss Nielsen et al. 2011. J. Viz. Exp. 47, e2383 10.3791/2383)
24h 48h
Fig. 2: Extracellular matrix compounds of V. tapetis CECT4600 biofilm
stained by CalcoFluor white (�-polysaccharides) and DDAO (eDNA). [A] top
view and side view of overlay; [B]: 3D view and side view of �-polysaccharides
staining by CalcoFluor white (blue); [C]: 3D view and side view of cells detected
by GFP fluorescence (green); [D]: 3D view and side view of eDNA staining by
DDAO (red).
C D
A B
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E
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V. tapetis strain CECT4600 formed homogeneous biofilms (Fig.1) without cell
motility after attachment to the surface (see the movie, flashcode). The biofilms
displayed a maximal thickness of 40-50 µm and a biomass of about 15 µm3.µm-2
at 48h (Table 1). Examination of extracellular matrix revealed the presence of
eDNA at the biofilm base, and of homogeneously distributed polysaccharides.
Spherical structures were observed at the surface of V. tapetis biofilms. These structures, with an average
diameter of ~1-2 µm, showed a different surface aspect than bacteria, and seemed to be physically linked
to the cells (Fig.3A and B). Moreover, the structures displayed a GFP fluorescence (Fig.3E) and could be
stained with DNA-binding dyes (Fig.3C and D), indicating that they contain proteins and DNA. These
observations support the hypothesis that the structures are excrescences from the bacterial cells to which
they seem to remain attached. We also observed these structures in biofilms of other V. tapetis strains,
including pathogenic and non-pathogenic strains (data not shown).
V. tapetis pathogen strain CECT4600 is able to form a mature biofilm in 24h. CLSM imaging allows the observation of biofilm compounds such as
eDNA and polysaccharides. V. tapetis biofilm displays unusual structures of unknown composition. To our knowledge, these structures have never
been previously observed in a Vibrio biofilm or in biofilms from other bacterial genera. Observations by Transmission Electronic Microscope (TEM)
are in progress and will enable to study the inner organization of these structures. Characterization for the first time of V. tapetis biofilm yields the
bases for future works aiming at deciphering the involvement of biofilm formation in the infection process of the Manila clam leading to BRD.
First steps of V. 
tapetis biofilm 
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